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ABSTRACT

In this study, referring to the Distributed Energy Resources Customer Adoption Model (DER-CAM) which was
developed by the Ernest Orlando Lawrence Berkeley National Laboratory (LBNL), E-GAMS programmer is
developed with a research of database of energy tariffs, DER (Distributed Energy Resources) technology cost
and performance characteristics, and building energy consumption in Japan. E-GAMS is a tool designed to
find the optimal combination of installed equipment and an idealized operating schedule to minimize a site’s
energy bills. In this research, by using E-GAMS, we present a tool to select the optimal combination of
distributed energy system for an Ecological-Campus, Kitakyushu, Science and Research Park (KSRP).

We discuss the effects of the combination of distributed energy technologies on the energy saving,

economic efficiency and environmental benefits.

INTRODUCTION

In recent years as a supplement for regular large-scale power generation system, Distributed Energy
Resources (DER) system has got more comprehensive attention. This attention is built on the vision that
future electric power system will not be organized solely as centralized systems as they are today. One
possible adjunct to the traditional paradigm is the microgrid (uGrid), a localized network of DER system
matched to local energy demands. Under this background, DER system, such as natural power system (wind,
solar) and co-generation, also know as CHP (Combined heat and power), has been developed greatly during
the last 20 years.

In order to introduce DER system and improve the environment of energy system, it is necessary to have a
study on choosing and designing economically optimal DER systems.

In previous research [1], Distributed Energy Resources Customer Adoption Model (DER-CAM) developed by
Lawrence Berkeley National Laboratory in U.S.A has been discussed. However, it is necessary to consider
the difference in climate condition and price structure between Japan and U.S.A. Therefore referring to the
DER-CAM, E-GAMS programmer was developed with a research of database of energy tariffs, technology
cost and performance characteristics, and building energy consumption in Japan. E-GAMS is a tool which
used The General Algebraic Modeling System (GAMS) to design methods and tools for finding the optimal

combination of installed equipment and an idealized operating schedule to minimize a site’s energy bills.
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Fig.1. Image chart of energy supply in Ecological-Campus
In this research, as a sample an Ecological-Campus(Figure 1), Kitakyushu, Science and Research Park

(KSRP) is selected and five cases of this pattern are utilized to find the optimal combination of installed
equipment to minimize a site’s energy bills. As a description of energy system of the Ecological-Campus, new
energy systems have been introduced. And the energy system not only can supply electricity, but also can
recover exhaust heat by absorption chiller or heat exchanger. Figure 2 shows the image chart of energy

supply in Ecological-Campus

CONCEPT OF OPTIMIZATION
Firstly, in order to introduce DER system, regional features including demand side. electricity load and heat

load, technigue and investment must be comprehensively estimated. Figure 2 shows the optimal model. By
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Fig.2. Image chart of E-GAMS model
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this model, requirement, market information (gas price and electricity price, etc) and technical information
(co-generation, PV, etc.) could be comprehensively estimated to get a customer adoption decision of DER

system.

OUTLINE OF GAMS

In generally speaking, GAMS is a high-level modeling system for mathematical programming and optimization.
The actual mathematical program is modeled via user-defined algebraic equation. GAMS then compiles them
and applies standard solvers to the resulting problem. The features can be mainly described as follows:
1).GAMS lets the user concentrate on modeling. By eliminating the need to think about purely technical
machine-specific problems such as address calculations, storage assignments, subroutine linkage, and
input-output and flow control, GAMS increases the time available for conceptualizing and running the model,
and analyzing the results.

2).Using GAMS, data are entered only once in familiar list and table form. Models are described in concise
algebraic statements which are easy for both humans and machines to read.

With the two features, we designed an optimal model as tool for study of DER system by GAMS
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E-GAMS Ver11 | 2005 Copyright by Gao Weijun Laboratory, The University of Kitakyushu Japan 20051011 | 04:58:35

Fig.3.E-GAMS execution menu

OUTLINE OF E-GAMS

Figure 3 shows the execution menu of E-GAMS.

E-GAMS is an optimization tool for DER technology selection. The following could be carried out:

1).E-GAMS minimizes the annual energy cost of a given customer, including DER investment costs, based on
input data consisting of DER technology cost and performance, electricity and natural gas tariffs, and end-use
energy loads such as space heating, cooling, hot water, and electricity only. E-GAMS reports the optimal
technology selection and operation schedule to meet the end-use loads of the customer.

2).The primary energy consumption and carbon emissions resulting are calculated
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3). Energy sale price Yen/MJ is calculated.

HYPOTHESIS OF OPTIMAL MODEL

The hypotheses of selected system are shown as follows:

1).The benefit of distributed energy system is from the reducing of electricity rate and gas rate.

2).0wing to the reason of no extra of electric power, we have never considered the limit of technology on
electrical power selling system

3).Total power generation only supply to Kitakyushu Science and Research Park (KSRP), not for the other
consumer.

4).When demand exceeds supply it is admitted to purchase more power from Power Company.

5).Price and function of equipment are assumed according to what manufactory offer to. Moreover, setting
and other cost are not considered in the basic investment.

6).At the same status of technique, the difference of capacity is not to be considered in the economy.

CASE DESCRIPTION AND SETTING OF DATABASE
Case description
In this paper, based on the present model, three cases will be discussed as follow:

Casel is Do-Nothing: No DER investments are considered. No DER investments are considered. This
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scenario provides the annual energy cost, consumption, and emissions prior to DER investment.

Case 2 is DER with CHP: Using E-GAMS to get the optimal technology selection. (Optimal combination)
Case 3 is Case 2 with PV: The case must include PV (150kW * 1). Then Using E-GAMS to get the optimal
technology selection.

Case 4 is Case 2 with PV and FC: This case must include PV (150kW * 1) and FC (200kW*1).

Case 5 is current system: The case use current technology selection. PV (150kw*1), FC (200kWw*1), GE
(160kw*1)

Electricity and Heat Load Demand
In this study, the hourly load demand of 8760 hours for electricity and heat load demand were according to
data measured in 2003. Figure 2 shows the measured result of the electricity, cooling, space heating, and hot

water loads. Each shows every month loads

Setting of gas price, electricity price

It is clearly that electricity price refer to Kyushu electric power company, just as shown in figure 5. Structure of
electricity price is made up of basic charge, daytime unit rate, night unit rate and peak charge. Figure 6 shows
the system of gas price. In generally speaking, basic charge is made up of gas basic service fee, fixed fee of

gas and maximum season basic charge. ($1=¥120)

Commercial agreement _Peak unit rate

Daytime unit rate 13.3875ven/kwh 8
) . 11.067Yen/kWh o
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5.67Yen/kWh 4
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@
1 234567 8 9101112131415161718192021222324 g
()
o)

Fig.5. Structure of Electricity Price
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Fig.6. Structure of Gas Price
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Table 1.DER Technology Information for the E-GAMS

Name Capacity Lifetime Capital Fixed Annual |Variable Annual He_at Rate F_uel
(kW) cost $/kW | cost $/kW cost $/kwW kj/kWh kind
WindD4-600 600 20 2273 0 0.02 0 0
WindD6-1250 1250 20 2273 0 0.02 0 0
WindD8-2000 2000 20 2273 0 0.02 0 0
Wind15S 1500 20 2273 0 0.02 0 0
WindMD70 1500 20 2273 0 0.03 0 0
WindMD77 1500 20 2364 0 0.03 0 0
WindMM70 2000 20 1909 0 0.03 0 0
WindMM82 2000 20 2000 0 0.03 0 0
PV-10J 10 20 8455 0 0 0 0
PV-20J 20 20 8182 0 0 0 0
PV-30J 30 20 8455 0 0 0 0
PV-50J 50 20 7727 0 0 0 0
PV-100J 100 20 6545 0 0 0 0
GE-200 200 15 2727 0 0.03 11356 0
GE-500 500 15 27127 0 0.03 11392 0
GE-1230 1230 15 2727 0 0.03 9756 0
GT-650 650 15 1091 0 0.01 18182 0
GT-1090 1090 15 1091 0 0.01 14516 0
GT-1500 1500 15 1091 0 0.01 15254 0

Setting of DER Technology Information

Table 1 shows a part of the DER Technology Information for E-GAMS. It is itemized by natural gas engine
(GE), gas turbine (GT), micro turbine (MT), fuel cell (FC), and photovoltaic (PV). All equipment (besides PV)
can be purchased for electricity generation only, and with heat recovery for heating (HX), or with heat
recovery for heating and absorption cooling (ABSHX). Data includes capacity, lifetime (in years), turnkey

capital costs, maintenance costs, heat rate, and electrical efficiency.

ANALYSIS OF SIMULATION RESULT
Economic efficiency

Tablel shows the simulation results of cases. The Do-Nothing total energy bill is $1,243,280.As an
economically optimal combination, a 500kW CHP natural gas engine and a 500kW natural gas engine were
selected, resulting in decreased electricity purchase and increased natural gas purchase. Total annual fuel
costs (electricity and natural gas) are reduced by 56% and the total annual energy costs (including the capital
and maintenance costs) are reduced by 45%. The payback period is 3.11 years.

For the case 2 and case 3 a 500kW CHP natural gas engine was chosen. Compared with the Do-Nothing
case, the total annual energy bill saving are separately 41% with a payback period of 4.98 and 39% with a
payback period of 6.56.

The current system Installed capacity is only 505kW, but the installation cost is $190,945, resulting in the

reduction is lower and payback period become 44.76 years.
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Table2. Simulation result of cases

Case Installed Installed Technol Annual Cost Energy Cost | Overall Cost| Pay Back
Capacity O | Installation | Electricity Gas Energy | Totd Reduction | Reduction Year
Cost | Purchased Cost Cost
(kW $ $ For DER| Gasonly|  $ $ ) % Year
Do- Nothing 0 1,154,131 0 89,149 | 1,243,280 | 1,243,280
CHPGA- K-500
DER with CHP 1000
GA- K- 500 139,176 34,660 407,681 | 103,155 | 545497 | 684,673 -056 -045 3.11
PV- 150
GA- K- 500
PV+(DER with CHP)
CHPMT--C-60*2
1110 CHPGA-K-215 200,867 14,869 423,781 | 99477 | 538,128 | 738,995 -057 -041 498
PV- 150
PAFC- 200
FCHDER with CHP) GA- K- 500
CHPMT- - C- 60
1125 CHPGA- K-215 253,460 20,520 376,796 | 109,339 | 506,655 | 760,115 -0.59 -0.39 6.56
PV-150
PAFC- 200
Current system
CooL CHPGA- K- 55
505 Cool CHPGA- K- 100 190,945 751186 | 171,240 | 76,584 [ 999,011 | 1,189,956 -020 -0.04 4476

Load compaosition

Figure 7 shows how five cases meet electricity loads. According to the figure, the compositions of Annual
Electricity Generation (kwh) is more than the other compositions in case2 (DER with CHP) and case3 (PV+
(DER with CHP)). The composition of PV is about 2~3% in every case which uses PV. As optimal
combination case (case2) mainly use the electricity generation from the equipments which are selected by
E-GAMS.

OPV BEFC OAnnual Electricity Generation(kWh) B Annual Electricity Purchase(kWh)

Current system

FC+PV+(DER with
CHP)

PV+DER with CHP)

DER with CHP

Do- Nothing

0% 20% 40% 60% 80% 100%

Fig.7.Annual electricity load composition
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Figure 8 shows the compositions of Annual cooling load. According to the figure, when the DER+CHP is used,
the cooling load is similar to Annual Cooling Load which is met by Natural Gas.
According to figure 9, the compositions of Annual Load of Space Heating which is met by CHP in Annual heat

space and hot water load composition are reduced by case3~>case2~>case4~caseb.

OAnnual Electricity Generation On- Site to Meet Cooling Load (kWh)
@ Annual Electricity Purchase to Meet Cooling Load (kWh)

O Annual Cooling Load which is met by Absorption Chiller (kwWh)

B Annual Cooling Load which is met by Natural Gas (kWh)

Current system @@= |

FC+PV+DER with
CHP)

PV-+DER with CHP)

DER with CHP

CoNeting {

0% 20% 40% 60% 80% 100%

Fig.8. Annual cooling load composition

OAnnual Space Heating Load which is met by Natural Gas (KWh)
OAnnual Load of Space Heating which is met by CHP (kWh)
OAnnual Water Heating Load which is met by Natural Gas (KWh)

B Annual Load of Water Heating which is met by CHP (kWh)

Current system | | i
FC+PV+DER with
e 1|

DER with CHP |

PV+(DER with CHP) | I |
.
|

Do- Nothing

0% 20% 40% 60% 80% 100%

Fig.9.Annual heat space and hot water load composition
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Energy consumption, Carbon Emissions and Heat Unit Price
Figure 10 shows the annual primary energy consumption in each case. The primary energy consumption of

casel is larger than the other cases. As energy saving, case4 (PV (150kwW*1), FC (200kw*1), GE (160kW*1))

is the most environmentally optimal combination.

B Annual Electricity Purchase(kWh)

@ Annual Electricity Purchase to Meet Cooling Load (kWh)
OAnnual DER Natural Gas Purchases (kWh)

B Annual NON DER Natural Gas Purchases (KWh)

Current system

FC+PV(-:+|(_|IIDDI§R with | ==
PV+DER with CHP) T
perwith cHP [ T

Do- Nothing

nergy
coqsurrption(kV\b
0 500 1000 1500 2000 2500

Fig.10.Compare of annual primary energy consumption

Furthermore, carbon emissions resulting from the five cases were analyzed (Figure 10) .Itis

just like the figure of primary energy consumption. The Annual Off-site Carbon Emissions of casel is the

B Annual On- site Carbon Emissions from DER (kg) @ Annual On- site Carbon Emissions from NG (kg)
OAnnual Off- site Carbon Emissions (kg)

Current system h | |

FC+PV+DER with
CHP)

PV-{DER with CHP)

DER with CHP

Do- Nothing |

Carbon
Emis§ ons (kg/ a)
0 20 40 60 80 100 129

Fig.11.Annual Carbon Emissions
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largest one. Carbon emissions for case4 are reduced 27%. For the current case, carbon
emissions are reduced by 16%.

The heat unit price comparisons of businesses are shown in Figure 12. According to the calculation result in
Table 2, the heat unit price of case2 (Optimal combination) is the cheapest, about 8Yen/kWh (0.067$/kWh),
and the current system (case5) is about 16Yen/kWh (0.067$/kwh).

H heat price

FC+PV+DER with CHP)
PV+DER with CHP)

DER with CHP

Current system _

Do- Nothing / K\Wh)

o
N
£
»
[e2)
-
o
-
N
-
N
-
[«

18

Fig.12.Heat unit price comparisons

CONCLUSIONS

The research used E-GAMS to simulation the five cases. And we discussed the effects of economically
optimal DER in this paper. Economically optimal DER investment for each was determined, and the resulting
the annual energy cost savings, fuel savings, and carbon emissions reductions are quantified. The economic
and environmental effect of DER installation can be seen. Even though these studies conduct cost
optimizations, fuel consumption and carbon emissions are noticeably reduced.The results of the simulation
can be summarized as follows:

1) As an economically optimal combination (case 2), a 500kwW CHP natural gas engine and a 500kW natural
gas engine were selected. Total annual fuel costs (electricity and natural gas) are reduced by 56% and the
total annual energy costs (including the capital and maintenance costs) are reduced by 45%. The payback
period is 3.11 years.

2) As energy saving, case4 is the most environmentally optimal combination. Carbon emissions are
reduced 27%

3) The heat unit price of case2 (Optimal combination) is the cheapest, about 8Yen/kWh

10
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